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Summary. — GRB970228 is analyzed as a prototype to understand the relative
role of short GRBs and their associated afterglows, recently observed by Swift and
HETE-II. Detailed theoretical computation of the GRB970228 light curves in se-
lected energy bands are presented and compared with observational BeppoSAX
data.
PACS 98.70.Rz – gamma-ray sources; gamma-ray bursts.
It is well known that Gamma-Ray Bursts (GRBs) are divided in two main classes on
the basis of their duration with very different observational properties: “short” (T90 < 2
s) and “long” (T90 > 2 s) [5]. The existence of these two classes of bursts finds a natural
explanation within our model [6]. In this scenario we identify short GRBs with the flash of
photons emitted at the transparency, the Proper GRB (P-GRB), while the usually called
long bursts coincide with the afterglow produced by the interaction of the accelerated
baryons with the InterStellar Medium (ISM). The only difference among them is the value
of the baryon loading B which rules the amount of energy emitted in the P-GRB and
the one converted into baryons kinetic energy: in the first case almost all the energy is
emitted in the P-GRB, in the second one the P-GRB emission is negligible with respect to
the afterglow emission and it is hardly detectable. The recent discovery of an afterglow
associated to short GRBs [4] enforces our hypothesis because it clearly represents an
example for the first situation we described: the prompt emission is dominated by the
P-GRB while the “normal” GRB emission is the following weak afterglow.
Here we present a third situation in which, although the baryon loading B is high,
due to a particularly low average particle number density the afterglow peak luminosity
results to be weak compared with the P-GRB. We revised our work on GRB970228
which, although it appears as a “normal” long GRB, could be analogous to the short
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Fig. 1. – BeppoSAX GRBM (40− 700 keV) and WFC (2− 26 keV) light curves compared with
our theoretical simulations of the afterglow (solid red lines). The theoretically predicted P-GRB
emitted energy (whose flux is schematically represented by the solid blue line) results to be
consistent with the observed one.
ones. GRB970228 was detected by the Gamma-Ray Burst Monitor (GRBM, 40700 keV)
and Wide Field Cameras (WFC, 226 keV) on board BeppoSAX on February 28.123620
UT [3]. The burst prompt emission is characterized by an initial 5 s strong pulse followed,
after 30 s, by a set of three additional pulses of decreasing intensity [3]. In our picture
the first main pulse can be identified with the P-GRB, while the three additional pulses
are an unusually low luminosity afterglow peak. This idea is enforced by the presence of
a discontinuity in the spectral index between the end of the first pulse and the beginning
of the others, whose spectrum appears to be more similar to the X-ray afterglow [2, 3].
In Fig. 1 our theoretical fit of BeppoSAX GRBM (40−700 keV) andWFC (2−26 keV)
light curves [3] is represented. If we interpret the first peak as the P-GRB and the three
additional pulses as the afterglow peak emission, we obtain for the best fit parameters
Etot
e±
= 1.4× 1054 erg and B = 5.0× 10−3. In order to reproduce the temporal variability
of the last three pulses we determine the ISM parameters to be: 〈nism〉 = 9.5 × 10
−4
particle/cm3 and 〈R〉 = 1.5 × 10−7. With this choice of the parameters we obtain a
perfect agreement of our theoretical light curves with the observed ones and the total
energy emitted in the P-GRB, EtotP−GRB = 1.8×10
52 erg, is comparable with the isotropic
energy emitted in the first pulse. It is important to remark that GRB970228 is a first clear
example of an intermediate situation characterized on one hand by an high baryon loading
which produces a small total energy emitted in the P-GRB (EP−GRB/Eaft ≈ 10
−2), on
the other hand by an extremely low ISM density that produces an afterglow with a long
duration (≈ 60 s) and a peak luminosity which is lower than the P-GRB one.
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